Introduction
Agaricus bisporus (J.E. Lange) Imbach (white mushroom) from Agaricaceae family is cultivated in at least 70 countries around the world. The world production of white mushroom in the early 1990s was 1.5 million tons [1] . The first information on the commercial cultivation of A. bisporus was obtained by the French botanist Joseph Pitton de Tournefort in 1707 [2] . Another French farmer Olivier de Serres observed that the transplantation of the mushroom mycelium on a new substrate leads to an increased number of fruiting bodies. This type of cultivation was performed by transferring the mycelium on a substrate containing a mixture of clay and manure. However, mushrooms obtained by this way of cultivation were often infected and did not result in good development of fruiting bodies. Pure mycelial cultures of A. bisporus were first cultivated in the Pasteur Institute of Paris on horse manure in 1893. Fruiting bodies obtained originally were brown, but white fruiting bodies were obtained in 1926 in Pennsylvania, and they gained much more popularity among the consumers. Because this species cultivation has its origin in Paris, its French common name is champignon de Paris [1, 2] . The most important features of A. bisporus are its dietary and healing properties resulting from the rich composition of metabolites and biologically active elements. It is a rich source of dietary fiber (chitin) and contains exogenous and endogenous amino acids, digestible protein, compounds with significant antioxidant activity (sterols, phenolic, and indole compounds), vitamins (especially vitamin D), and bioelements (e.g., selenium, zinc) [3] [4] [5] [6] [7] [8] [9] . The antioxidant activity of A. bisporus is also related to the presence of histidine derivative, ergothioneine [10] . Apart from its antioxidant properties, ergothioneine also exhibits antimutagenic, chemoprotective, and radioprotective activities; therefore, this substance is highly valued in medicine [11] . Tyrosinase extracted from white mushroom shows a high degree of similarity to the one observed in human body. Thus, this species is a valuable and concurrently inexpensive source of tyrosinase [5, 12, 13] . The studies conducted on the enzyme isolated from A. bisporus showed that it exhibits a protective effect on the human lymphoma cell lines, protecting them from the negative effects of damaging agents such as dihydrogen peroxide [14] . In addition, gene-protecting activity of this species was studied, which was a result of the presence of tyrosinase. Such protective effect may be related to the pathway of transformation of tyrosine into l-DOPA (l-3,4-dihydroxyphenylalanine), and further conversion into dopaquinone metabolite [14] [15] [16] .
The fruiting bodies of this species also contain lovastatin, a compound with an anti-atherosclerosis activity [10, 17] . Thus, A. bisporus is a valuable foodstuff, meeting the standards for food with proven medicinal and dietary properties [18] .
The aim of this study was to determine which of the A. bisporus varieties (white, brown, and portobello) has a higher nutritional and health-promoting value. The content of physiologically active elements such as Na, Mg, Zn, Cu, and Fe, as well as indole and phenolic compounds, was determined in three varieties of the edible A. bisporus species: white, brown, and portobello. It was also determined in cap peel, cap devoid of peel, and stipe of these mushrooms' fruiting bodies. Because consumers often remove the outer part of the mycelium that forms the fruiting body, called cap peel, the aim of the study was to determine the plausibility of such action by examining the content of analyzed elements and organic compounds in particular parts of the fruiting body, and thus to show whether removal of cap peel could be justified from the perspective of content of health-promoting mineral elements.
The content of Zn, Cu, Fe, and Mg was determined using atomic absorption spectrometry (AAS), whereas the content of Na was determined using atomic emission spectrometry (AES). The content of indole and phenolic compounds was determined using reversed-phase high-performance liquid chromatography (RP-HPLC).
Materials and methods

Mushroom samples
The study involved the fruiting bodies of selected edible fungi, A. bisporus (J.E. Lange) Imbach (white button mushroom) of commercial origin among white, brown, and portobello varieties. Taxonomic identification was made based on the key (http://www.mycokey.com) and publications of Knudsen and Vesterholt [19] by Muszyńska, and representative samples of the material used for the study were deposited at the Department of Pharmaceutical Botany, Jagiellonian University Medical College in Kraków, Poland. , and Fe 3+ ions in concentration 1 g/L; quadruple-distilled water with a conductivity of less than 1 µS/cm was obtained using an S2-97A2 distillation apparatus (Chemland, Stargard Szczecin, Poland). Standards of indole compounds such as l-tryptophan, 5-hydroxy-l-tryptophan, serotonin, melatonin, tryptamine, and 5-methyl-tryptamine were purchased from Sigma-Aldrich (St. Louis, MO, USA); all these were of HPLC grade. Phenolic compounds standards of HPLC grade: p-coumaric, ferulic, p-hydroxybenzoic, vanillic, and 3,4-dihydrophenylacetate acid were from Fluka (Chemie AG) and those of caffeic, chlorogenic, cinnamic, o-coumaric, protocatechuic, sinapic, gallic, and syringic acids and rutin were from Sigma-Aldrich (St. Louis, MO, USA). Methanol, ammonium acetate, acetic acid, and petroleum ether purchased from Merck (Darmstadt, Germany) were also of HPLC grade.
Reagents
Sample preparation
Particular varieties of A. bisporus were purified using a plastic knife and divided into parts (cap peel, cap, and stipe), and then the mushroom material was lyophilized (temperature −40 °C, Freezone 4.5 lyophilizer; Labconco, Kansas City). The lyophilized parts were ground in an agate mortar and weighed in amount of 0.2 g with an accuracy of 0.1 mg, and then "wet" mineralized (temperature: 295-300 °C, pressure: 42-45 bar, microwave power: 100%, time: 30 min) with the addition of dihydrogen peroxide (3.5 mL) and nitric acid solutions (7 mL). Colorless and clear solutions were obtained (microwave digestion system Magnum II; Ertec Poland, Wrocław, Poland). After the evaporation of solvents to the volume of ~2 mL (MAG HP7 Z hob), the solutions were quantitatively transferred to volumetric flasks and filled with distilled water 4 times the volume of 25 mL. Such prepared samples were examined for the content of individual bioelements using AAS and AES via iCE3000 (Thermo Scientific spectrophotometer, UK).
Determination of the content of bioelements
The content of Mg, Fe, Zn and Cu in the fruiting bodies of A. bisporus was determined using AAS, whereas the content of Na was performed using AES. All analyses were performed in air-acetylene flame using three replicates with a measuring time of 2 s, a sample suction time of 2 s, and optimized spectrometer parameters such as acetylene flow, torch height, and gap width, and using analytical wavelengths appropriate for particular elements. The results were obtained from appropriate standard curves, whose parameters are presented in Table 1 .
RP-HPLC analysis of indole compounds
The dry biomass (0.5 g of mushroom sample) was ground in a mortar and then subjected to extraction with petroleum ether to remove lipids [20, 21] . Defatted material was extracted in a glass percolator by methanol. The obtained extract was evaporated to dryness using an evaporator (Buchi, Germany) under a pressure of 200 mBa at 40°C. The concentrated analyte was dissolved in methanol transferred through a Whatman No. 3 filter paper. The extracts were quantitatively dissolved in 1.5 mL of solvent system (methanol:water:ammonium acetate at 15:14:1 v/v/v) and subjected to separation by RP-HPLC using the Hitachi HPLC (Merck, Tokyo, Japan) equipped with a pump type L-7100, the Purospher ® RP-18 (4 × 200 mm, 5 µm) column thermostated at 25 °C, and an ultraviolet (UV) detector operated at λ = 280 nm. The liquid phase used was a mixture of methanol, water, and ammonium acetate (15:14:1 v/v/v) at the flow rate of 1 mL/min. The quantitative analysis of indole compounds was performed using a calibration curve with the assumption of the linear size of the area under the peak and the concentration of the reference standard. The results were expressed in mg/100 g of dry weight (d.w.). The chromatogram for the indole compounds obtained after analyzing the sample derived from methanolic extracts of A. bisporus is presented in Fig. 1 .
Analysis of phenolic compounds
The obtained extracts, similar to indole compounds, were analyzed for the contents of phenolic compounds by the RP-HPLC method. These analyses were carried out according to the procedure developed by Ellnain-Wojtaszek and Zgórka [22] with some modifications. RP-HPLC analyses were conducted using an HPLC VWR Hitachi-Merck apparatus (Darmstadt, Germany): autosampler L-2200, pump L-2130, Li Chrospher RP-18e column (250 × 4 mm, 
Statistical analysis
Statistical analysis of the data was performed using oneway analysis of variance with Tukey-Kramer post hoc multiple comparisons. A p value of <0.05 was accepted as the level of statistical significance. Chemometric tools were used to facilitate the analysis and interpretation of the data obtained in the experiment; these included the two main methods: cluster analysis (CA) and principal component analysis (PCA). Calculations were performed using GraphPad InStat software (USA), and Statgraphics Centurion XVII. Statistical significance was established at p < 0.05.
Results and discussion Bioelements
Three varieties of A. bisporus (white, brown, and portobello) were used in the experiment, taking into account particular parts of the fruiting bodies, which were examined using AAS and AES for the content of chemical elements Na, Mg, Cu, Fe, and Zn (mg/100 g d.w.). The average results (three samples, three replicates) with the values of calculated standard deviations are presented in Table 2 . The AES analysis showed that the content of sodium in the fruiting bodies of varieties of A. bisporus and their parts differed considerably. The amount of sodium determined from the parts of the fruiting bodies of the white variety of A. bisporus (321.1 mg/100 g d.w. for cap peel, 373.2 mg/100 g d.w. for cap, and 410.6 mg/100 g d.w. for stipe) differs from the content previously found in the whole fruiting bodies of the same variety of button mushroom (76.0-86.0 mg/100 g d.w.) [23, 24] . The highest amount of sodium was found in the peel of the portobello (Fig. 3) .
The content of magnesium determined in the fruiting bodies of the white variety of A. bisporus (cap peel: 112.8 mg/100 g d.w.; cap: 112.4 mg/100 g d.w.; stipe: 112.0 mg/100 g d.w.) did not differ from the results previously obtained from the whole fruiting bodies of the same variety, where the content of magnesium was in the range of 91.0-227.5 mg/100 g d.w. [23, 25, 26] . The concentrations of magnesium in other varieties of button mushroom-brown and portobello that reached 59.8-123.2 mg/100 g d.w.-showed no deviations from the previously presented content. The highest magnesium content was observed in the cap peel of brown variety (123.2 mg/100 g d.w.). Similar to sodium, the magnesium content in the stipes and caps of the different varieties of A. bisporus was the highest in the white variety. The highest average content in the fruiting bodies in the white variety of A. bisporus (112.5 mg/100 g d.w.), lower in the brown variety of A. bisporus (109.9 mg/100 g d.w.), and the lowest in the portobello variety of A. bisporus (87.2 mg/100 g d.w.) (Fig. 3) .
The content of iron in the fruiting bodies of all examined varieties of A. bisporus was in the range of 1.8-10.2 mg/100 g d.w. and did not differ from that reported by other sources, that is, 1.4-16.2 mg/100 g d.w. [25, 26] . The outer part of the cap mycelium of brown variety was characterized by the highest iron content of 10.2 mg/100 g d.w. The highest amount of iron was also found in the caps and stipes of the examined varieties (3.6 mg/100 g d.w. (Fig. 4) .
The zinc content in particular parts of the examined varieties of A. bisporus is the highest in the brown variety both: 5.8 mg/100 g d.w. for stipes, 5.6 mg/100 g d.w. for caps, and 6.3 mg/100 g d.w for cap peels. The highest content of this element was found in the cap peels. Total zinc content in particular parts and varieties of button mushroom was in the range of 3.9-6.3 mg/100 g d.w. It is consistent with the zinc content presented in previous studies on the white variety of A. bisporus (5.5-11.3 mg/100 g d.w.) [26] . The average zinc content in the fruiting bodies of particular varieties of A. bisporus is as follows: white variety-4.7 mg/100 g d.w., brown variety-5.9 mg/100 g d.w., and portobello variety-4.7 mg/100 g d.w. From this, it can be concluded that, as in case of iron, the brown variety is characterized by the highest zinc content in the fruiting bodies (Fig. 4) .
The content of copper present in the fruiting bodies of particular parts and varieties of A. bisporus also differed and was within the range of 0.9-2.1 mg/100 g d.w.; it was slightly lower than that found in previous studies (2.1-5.2 mg/100 g d.w.) [25, 26] . When comparing the copper content in the cap peels, caps, and stipes of different varieties of button mushroom, the highest content was found in the white variety (2.1/100, 1.9 mg/100, 1.9 mg/kg d.w., respectively). The highest amount of this element (unlike in the case of iron and zinc) was found in the white (Fig. 4) .
Analysis of zinc, magnesium, and iron content showed their highest amounts in cap peels of brown variety. Moreover, it was shown, comparing the content of bioelements Table 2 Bioelements and organic compounds content in various parts of three varieties of A. bisporus Data are presented as the mean ± SD (standard deviation); n = 3 repetitions. Tukey-Kramer test was used to reveal the differences between paired groups of phenolic compounds in rows, the same letters (a, b, c, d, e) are marked for the content whose differences are statistically significant (for p values <0.05) (GraphPad InStat) within the different parts of the same variety for all examined elements and parts of fruiting bodies (except the amount of sodium in the white variety of A. bisporus), that the content of above particular elements in cap peels is the highest. Statistically significant differences were observed in the portobello variety of A. bisporus for the concentrations of zinc and copper, compared to their amounts in the cap peel and stipe (for Cu and Zn), as well as the cap peel and cap (for Zn), and between the cap and the stipe in case of Cu (Table 2 ). The same relationship for the increase of particular element content in different parts of the fruiting bodies may be noticed for both copper and zinc, that is, the lowest amounts of elements were found in stipes, higher in caps, and the highest in cap peels. The differences, significant according to the applied statistical calculations, were also shown in case of iron content for all the examined varieties of button mushroom within their individual parts. The content of the element in the cap peel of white, brown, and portobello varieties of A. bisporus clearly differs from its content in both stipes and caps, and is the largest, amounting to 6.4 mg/100, 10.2 mg/100, 6.5 mg/100 g d.w., respectively.
Organic compounds
The RP-HPLC method was proven to be effective for the efficient separation as well as qualitative and quantitative analysis of the examined organic compounds, indole and phenolic compounds, in varieties and parts of A. bisporus fruiting bodies (cap peels, caps without the peel, and stipes of the fruiting bodies).
Indole compounds
The compounds from this group were determined in this study due to their important properties involving intrasystemic homeostasis, antioxidant, and even antidepressant activities. l-Tryptophan is sometimes associated with antidepressants used in the treatment of depression. This compound is a component of dietary supplements designed for use in stressful situations or during problems with sleeping. In the human body (in the central nervous system), l-tryptophan is converted into serotonin and melatonin [27] . The highest total content of indole compounds in all A. bisporus varieties was found in the outer part of the mycelium forming the cap, so-called cap peel, and it was in the range of 196-239 mg/100 g d.w. ( Table 2 ). The highest total content of indole compounds [l-tryptophan, 5-hydroxytryptophan (5-HTP), serotonin, tryptamine, and 5-methyltryptamine] and their highest amounts among A. bisporus varieties were found in the brown variety. The fruiting bodies of the white variety revealed the presence of only l-tryptophan and 5-HTP.
The compound present in all varieties and parts of fruiting bodies in the largest quantities was 5-hydroxy-l-tryptophan (from 191.9 mg/100 g d.w. in stipes of the portobello variety to 185.9 mg/100 g d.w. in cap peels of the white variety). 5-HTP is an amino acid naturally occurring in living organisms. It is the direct product of serotonin biosynthesis from l-tryptophan. In some countries, it is used in preparations of antidepressants, to reduce hunger feelings, and as a sedative agent.
Melatonin was only found in the portobello variety at 2.3 mg/100 g d.w. The highest total concentration of indole compounds in all varieties was found in cap peels (196.0-239.6 mg/100 g d.w.), slightly lower amounts were determined in stipes (129.1-211.0 mg/100 g d.w.), and the lowest in caps without peel (13.4-98.9 mg/100 g d.w.). The amounts of determined indole compounds are comparable and do not differ from the amounts obtained in previous studies [26, 28] . The obtained total contents of indole compounds in the fruiting bodies of A. bisporus prove that they are one of the most valuable sources of those compounds in the diet and can be an alternative for vegetarians, with regard to essential amino acid content (characteristic of mammalian meat).
Phenolic compounds
The presence of six phenolic compounds, such as gallic acid, protocatechuic acid, p-hydroxybenzoic acid, syringic acid, cinnamic acid, and rutin, was determined in all varieties of white mushroom and in all its parts (cap peels, caps without the peel, and stipes of the fruiting bodies). The amounts of the determined phenolic compounds ranged from 0.1 to 11.1 mg/100 g d.w. ( Table 2 ). The highest content of the examined phenolic compounds, as previously described indole compounds, was found in all examined varieties in the outer part of the mycelium forming the cap-the cap peel (16.2-26.5 mg/100 g d.w.). The brown variety was characterized by the highest total content of phenolic compounds, whereas the lowest amount of the content was found in the portobello variety. Among the phenolic compounds found in the examined varieties and parts, rutin was the dominant metabolite (up to 11.1 mg/100 g d.w.), whereas among phenolic acids, it was gallic acid (9.2 mg/100 g d.w.), and its highest concentration in each case was observed in the outer part of the mycelium of A. bisporus cap (peel).
Phenolic compounds are widespread antioxidant compounds found in nature, especially in plants and mushroom species. These compounds commonly found in natural raw materials can be divided into two groups: derivatives of hydroxybenzoic acid (p-hydroxybenzoic, protocatechuic, vanillic, syringic, and gallic acid) and derivatives of cinnamic acid (p-coumaric, caffeic, ferulic, and sinapic acid). Hydroxybenzoic acid derivatives are most commonly present in the complexes with lignans, hydrolyzing tannins, or in combination with sugar or an organic acid. In turn, cinnamic acid derivatives are found in nature as esters or are connected via an ester bond to the cell wall structural proteins [29, 30] . Phenolic acids are valuable antioxidants; they neutralize and prevent free radical formation, inhibit peroxidase activity, and bind with metals intermediating oxidation processes. The strongest antioxidant properties among the phenolic compounds are attributed to the phenolic acids [31] . The contents of phenolic compounds found in the examined material prove that all varieties of A. bisporus are their source for the consumers.
Chemometric analysis
The research on the metal content supports the thesis that mushrooms (also A. bisporus) accumulate micronutrients. Hence, it seems valuable to obtain information on the existence of correlation between the species of the fungus and the presence of a tendency to accumulate in the metal. An extensive amount of data and the relatively high dispersion of results (0.9 mg/g d.w. for Cu and 412.5 mg/g d.w. for Na) made clear that the interpretation of the data is complicated. Therefore, in order to complement the discussion presented previously and the results, chemometric analyses were used, particularly CA and PCA. These methods are based on a multidimensional approach, as all real processes occurring in nature are a complex phenomenon that can be defined only on the basis of the number of mutually correlated relationships. The task of chemometrics is "gaining" as much information from the obtained measurement data, which often is not visible to the "naked eye" of the analyst.
In the conducted chemometric data analysis, the term "object" corresponds to analyzed samples. Referring to the mushroom A. bisporus, in which the contents of biometals were determined, we can conclude that each sample (A. bisporus white variety, A. bisporus brown variety, A bisporus portobello variety), described by n-parameters (i.e., the concentration of the analyzed metal), is the point in m-dimensional space, and each parameter is the point in m-dimensional space of the tested samples. This approach allows for the analysis of similarity within the samples of the parameter space, and likewise a similarity analysis of the parameters in the sample space. In this case, the key is the relationship between the parameters forming the multidimensional arrangement of chemical data, which can be reduced to a size enabling them to be relatively easily visualized [32] [33] [34] [35] .
Cluster analysis
In the first step, for the obtained set of analytical data, CA was used. The method allows for classification of objects as similar, in the case where the designated distances between variables in a multidimensional space are small. As a result, the test set of objects may be associated with the so-called clusters-the groups within which objects are characterized by a similar variation [36, 37] . As the squared Euclidean distance was used, the distance between the clusters in accordance with the Ward's method of agglomeration was calculated, which was based on the concept of analysis of variance, the similarity of features (metal concentration), and the object (various A. bisporus varieties). The results were presented graphically as a so-called dendrogram often, colloquially being called a tree (Fig. 5) . The x-axis corresponds to the analyzed elements (Fig. 5) or objects (Fig. 6) , and the y-axis is the distance between them [36, 37] . Based on our analysis, similarities were observed, the occurrence of the subgroup-clusters within which the objects are similar in characteristics variation (Fig. 5) . These parameters correspond to the concentrations of the individual components (metals). In practice, this means that their rate of changes in concentrations is similar, and at the same time, there is a high correlation between them. On this basis, clusters were distinguished. Na, Mg, and Cu are within the first cluster, indicating the similarity between their accumulations. In addition, it can be stated that the highest correlation occurs between Fe and Zn as evidenced by the shortest length of arms-tree dendrogram. Analyzing dendrograms (Fig. 6 ) on which the x-axis was presented analysed subject can distinguish two distinct focuses. The first cluster (right) on the dendrogram (Fig. 6) corresponds to mushrooms of A. bisporus portobello variety, and the remaining are mushrooms of A. bisporus white and brown varieties. This distribution suggests that there is a similar ability to accumulate metals within the white and brown varieties of A. bisporus species, but there is also a highlighted similarity between this group and the portobello variety of the species, as evidenced by the relatively long branches in the dendrogram.
Principal component analysis
The complementary method used in this work is the PCA. This method can reduce the area of the analyzed variables (measurement data) required to describe the interactions observed between them. With this analysis, it was found that >85% of the changes occurring within the test data set is possible to characterize the use of the first three principal components (PC1, PC2, and PC3). As a result of this procedure, it is reasonable to neglect other components during further detailed analysis. The variables (PC1, PC2, and PC3) created in this way correspond to linear combinations of the original variables multiplied by the load assigned to them. The size of the charge corresponds to the level of saturation of a particular variable. This means that this factor is matched to the coefficient of correlation of the primary variables. The decisive influence on the change of the main ingredient is the component that has the largest volume of charge [38, 39] . The resulting amounts of charges of the three main components are presented in Table 3 . Thus, it is concluded that the variables (concentrations of Mg and Fe) had the most significant impact on the size of PC1. Accordingly, in the same manner components PC2 and PC3 can be associated with the corresponding variables. As a result, this procedure allows the analysis of the results in threedimensional space, which was established on the basis of the three main components. Based on the obtained biplot (a flat three-dimensional space in Fig. 7) , it can be seen that the tested objects (A. bisporus portobello variety) form a distinct cluster. Other elements are the white and (Fig. 7) allows a relatively easy way to track changes at the level of individual elements both within species and between species. Based on the analysis, it was found that the white and brown varieties of A. bisporus have a higher bioaccumulation of metals and are richer in metals such as Mg, Zn, Cu, Fe, and Na, in opposition to the portobello variety that exhibits a reduced ability to accumulate these bioelements.
Conclusion
The differences in the contents of selected bioelements and physiologically active organic compounds in different parts of the three varieties of A. bisporus were shown for the first time. The fruiting bodies of all varieties of A. bisporus, especially the brown one, are rich source of bioelements, and indole and phenolic compounds, and their highest quantities are accumulated in the outer part of the fruiting body, that is, the cap peel. Due to the dietary value, removal (peeling) of mushroom cap peel is unjustified, because, as shown, this part of the fruiting body contains the largest amounts of valuable examined components.
